Abstract Rural populations in developing countries face food insecurity and malnutrition despite being surrounded by extraordinary biodiversity. The international community increasingly recognizes the role of agro-biodiversity and Wild Edible Plants (WEPs) in their contributions to managing risk and building resilience and sustainable food systems. Studies on real contributions of WEPs to peoples' diets, however, are uncommon. This study assessed the contribution of WEPs to diets of women living in the buffer zone of the Lama forest in southern Benin. During the long dry season, a cross-sectional survey was carried out on 120 women, covering their knowledge and attitudes towards WEPs and two non-consecutive 24-h recalls of their WEP consumption. Contribution of WEPs to total dietary intake was low due to infrequent use and small portion sizes. The highest nutrient contributions of WEPs measured were for copper (13.9 %) and iron (4.6 %) but the majority of the women had intake values below the Estimated Average Requirements (EARs) for these elements -copper 65 % and iron 91 % Women's dietary diversity was significantly higher among WEP consumers than non-consumers, mainly due to higher consumption of dark green leafy vegetables. WEPs were less consumed as a replacement for other foods but rather as a complement to the diet. The study population generally appreciated WEPs, while some constraints were reported regarding preparation, conservation and commercialization. Before widely promoting WEP consumption in order to exploit their dietary potential, additional investigations are needed into their nutrient composition, cultural and market value, their sustainable harvest levels and possible integration into innovative farming systems.
Introduction
Sub-Saharan Africa, with close to 223 million people (24.8 %) undernourished, remains the world's most food-insecure region (FAO 2013a) . Meanwhile, the continent exhibits highly biodiverse environments with valuable, but often neglected and underutilized resources such as Wild Edible Plants (WEPs) (Chennai Platform for Action 2005). According to Heywood (1999) and Termote et al. (2011) , WEPs are defined as 'plants that are gathered (not cultivated), which grow spontaneously in self-maintaining populations in natural or semi-natural ecosystems and can exist independently of direct human action'.
In resource-poor settings worldwide, low-quality, monotonous diets are common and the risk of micronutrient deficiencies is high (Arimond et al. 2010; FAO 2013b) . At the same time, global supply of food energy is dependent on only a small number of cultivated species and varieties (Barucha and Pretty 2010; FAO 2013a; Grivetti and Ogle 2000) . Food security is often seen as the amount of energy available from staple food production, but the quality of diet in terms of range of nutrients and food components is not taken into account. Together with the lack of food composition data on WEPs, this has led to a routine undervaluation of WEPs in diets and to their neglect by researchers, policy makers and nutritionists (Grivetti and Ogle 2000; Figueroa et al. 2009 ).
Recently, the study of biodiversity, encompassing cultivated and wild biodiversity, has become part of the agriculture, food and nutrition agenda (Barucha and Pretty 2010) . There is now greater attention paid to the role of WEPs as part of agrobiodiversity in managing risk, building resilience and supporting household subsistence (Mahapatra and Panda 2012) . WEPs can contribute to food security in several ways. Harvesting and trading WEPs can result in rural employment and income generation (Shackleton and Shackleton 2004; Akinnifesi et al. 2005 ; Keller et al. 2006; Agea et al. 2007; Barucha and Pretty 2010; Legwaila et al. 2011) . In other studies, the incorporation of WEPs in cropping systems has increased agro-biodiversity, enhanced production and mitigated the effects of environmental shocks, pests and diseases (Moore and Raymond 2006; Tilman et al. 2006; Venter et al. 2007; Frison et al. 2011; Mahapatra and Panda 2012; Asif and Kamran 2013) . Furthermore, WEPs are adapted to the local and sometimes harsh environmental conditions where other cultivated species would fail (Bradford 2010; Flyman and Afolayan 2006) . Because of their resilience, WEPs can act as safety nets in times of food shortage and famine (Guinand and Dechassa 2000; Shackleton and Shackleton 2004; Kebu and Fassil 2006; Keller et al. 2006) . They may also contribute to greater dietary diversity and be essential components of an otherwise monotonous and nutritionally poor diet (Grivetti and Ogle 2000; FAO 2005; Fentahun and Hager 2009) . A number of authors stress the high nutritional (micronutrient) content of WEPs Steyn et al. 2001; Odhav et al. 2007; Kuhnlein et al. 2009; Mavengahama et al. 2013) . Lastly, WEPs, in some cases, also represent an inextricable link between people and their lands, defining bio-cultural identity (Barucha and Pretty 2010) .
Various researchers have argued that WEPs are important in local food systems and make significant contributions to the food and nutrition security of the poor (Lockett et al. 2000; Mahapatra and Panda 2012; Mavengahama et al. 2013; Fentahun and Hager 2009; Legwaila et al. 2011; Shackleton 2003) . However, studies actually quantifying the contributions of WEPs to diets are scattered and use different methodologies, making comparisons difficult. Few studies have assessed the real contribution of WEPs to energy and nutrient intake by thorough dietary assessment methods (Grivetti and Ogle 2000; Penafiel et al. 2011; Mavengahama et al. 2013; Powell et al. 2013) . They include those by Ogle et al. (2001a-c) in Vietnam, Termote et al. (2012) in DR Congo and Powell et al. (2013) in Tanzania but the authors arrive at divergent results and conclusions. More research is thus needed to better understand the different roles and potential of WEPs in agricultural systems, diets and nutrition within different agroecological, economic and socio-cultural contexts. This becomes even more important, given that increasing modernization and globalization have been reported as factors contributing to the loss of knowledge and decline in the use of WEPs, leading to changes in dietary patterns (Keller et al. 2006) .
Up till now, several ethnobotanical studies in (Southern) Benin have documented a vast number of WEPs known by the local populations (Achigan-Dako et al. 2010 and Dansi et al. 2008; N'Danikou 2009; N'Danikou et al. 2011) , but none has attempted to quantify their dietary contributions using thorough food intake assessment methods. The objective of this study is to assess the contribution of WEPs to women's diets in the buffer zone of the Lama forest in southern Benin, a plant biodiverse region diversity (Djego 2003; N'Danikou 2009) . It describes the overall dietary patterns of the women there, evaluates their total dietary intake against the Estimated Average Requirements (EARs) of adult women and documents the contribution of WEPs to energy, macronutrient and micronutrient intakes as percentages of total nutrient intake. Furthermore, local women's attitudes towards WEPs were analyzed, such as whether WEPs were nutritious, 'food for the poor' or part of cultural practices. To our knowledge, this is the first study combining both an assessment of the contributions of WEPs to diets as well as local attitudes towards them. This should help to identify determinants of WEP consumption and contribute to a better understanding of the links and gaps between traditional knowledge, attitudes and actual use of WEPs .
Materials and methods
All research protocols and questionnaires were developed in collaboration with and evaluated by the University of AbomeyCalavi in Benin. In addition, ethical clearance was obtained from the Ethical Committee of Ghent University, Belgium (registration number: B670201112730). Because most rural women in the Lama forest are illiterate, the study protocol and the likely findings were explained in their local language to community leaders and respondents and informed oral consent was obtained from all participants before starting the interviews.
Study site and population
The research was carried out in the buffer zone around the Lama forest, which is situated about 80 km north of Cotonou.
With 16,250 ha, the Lama forest belongs to the last and largest forest remnants of the Dahomey Gap, a semiarid zone that meets the coast around the Ghana-Togo-Benin-Nigeria borders (Nagel et al. 2004 ). The Lama forest has been legally protected since 1946 as a classified forest, which implies prohibition to enter its core and therefore limited access to certain WEPs for local populations. However, many WEPs also grow in the buffer zone and near residential areas. Holli, Fon and Aizo ethnic groups inhabit the forest but the present research is focused on the Holli group as they are the dominant group (Nagel et al. 2004) .
Study sample
The sample comprised non-pregnant and non-lactating women older than 18 years. Women were chosen because they are the primary decision-makers for food preparation in Benin and are also considered to be a vulnerable group with regard to food and nutrition security. Collecting food intake data from men would introduce error as men typically do not know the exact composition of most of the dishes they consume. Pregnant and lactating women were excluded from the sample as their energy and nutrient needs are different from those not in these conditions.
Interviews took place in the respondents' homes between mid-February and mid-March 2012 during the long dry season. In total, 120 women from the Holli ethnic group were interviewed. Women were randomly selected from two out of the three villages of the Lama forest, Agadjaligbo and Zalimé, which were chosen for their accessibility. Households were randomly selected according to the random walk method (UNICEF 2010). The interviewers started from a crossroads in each village. One of the four paths leading from the cross was chosen and the first household was visited. In case of absence, the household next door was visited. About 15 interviews were conducted along each of the four paths, always starting from the crossroads. In both villages, 60 interviews were carried out.
Data were collected by two graduate agronomy students from the University of Abomey-Calavi in Cotonou and a local guide with a secondary school degree. All spoke the local language and were experienced in data collection in the Lama forest. Training and supervision of data collection was undertaken by the first author (JB). Uniform translations of the questionnaires in local languages were agreed upon among the students and the local guide. All questionnaires and tools were pre-tested and adapted where necessary.
Questionnaire
The questionnaire comprised three parts. The first part dealt with socio-economic information about the women, including age, marital status, ethnic group, activities, number of household members and possession of a field or garden. The second part covered the respondent's WEP knowledge as well as attitudes and constraints to WEP consumption. Attitudes towards WEPs were assessed using yes/no questions and 5-point Likert scales (ranging from 'I strongly disagree' (−2) over 'I disagree' (−1), 'neutral' (0), 'I agree' (1) to 'I strongly agree' (2)). Open questions were used to ask about constraints. The third part assessed food intake of the respondents by two interactive 24-h recalls carried out on non-consecutive days (Jonnalagadda et al. 2000; Sodjinou et al. 2009 ). Portion sizes were estimated using a village specific price-weight conversion list as well as a variety of different spoons, plastic cylinders and a selection of local utensils to help the respondents in estimating the quantities of foods or ingredients consumed (Gibson and Ferguson 2008) . In addition, two digital scales (Soehnle, Nassau, Germany, precision 1 g) were used to weigh leftovers where available.
To compose the price-weight conversion lists, edible parts of raw foods available at the local market of each village were weighed five times per food and per price unit to calculate an average price-weight conversion factor. Nutrient values of most foods in the used Food Composition Table (FCT) are those of the edible parts of raw foods. Thus the conversion factors reflect the weights of edible parts of raw foods for each village. Individual recipes were recorded when possible. Only if a dish were consumed outside the home were average recipes used. Average recipes were recorded from observed preparation processes of food sold at the market by a sample of women. Each dish was prepared separately by several women in order to obtain the average. All raw ingredients were listed and their edible parts weighed. The total weight of the prepared dish was registered and the weight of each raw ingredient was calculated as a percentage of the total cooked weight of the dish. As each dish was prepared several times, an average of the percentage weights of the raw ingredients could be used to calculate the average recipe of a certain dish.
Food composition table
There is no national FCT for Benin. To convert ingredients into their nutrient levels, the West African FCT (Stadlmayr et al. 2011 ) was used. Nutrient data for foods that were not found in this table were completed by using other sources including: the Mali FCT (Barikmo et al. 2004) , the FAO FCT from 1968 (Leung et al. 1968) Oladejo (2009; Dialium guineense) . Nutrient values that were still lacking were replaced by data on similar foods in the FCT. When needed, nutrient contents of raw foods were corrected for cooking processes according to the USDA guidelines (USDA 2007).
Species identification
WEPs were identified in the field with the lexicon "Flore du Bénin" (Akoègninou et al. 2006) . Dried specimens and pictures of plants that could not be identified in the field were taken to the National Herbarium of the University of Abomey-Calavi. Some WEPs cited by the participants were not available due to seasonality, whereas a few others were inaccessible due to legal restrictions in the forest. All species names were verified on the Missouri botanical garden (www.tropicos.org) and the International Plant Names Index website (www.ipni.org) and classified into botanical families according to the APGII system.
Data analysis
Food intake data from the two 24-h recalls were entered and processed in the Lucille analysis software (Ghent University, Belgium, www.foodintake.ugent.be). In addition, each food consumed was labeled as wild food or non-wild food. Usual food group and nutrient intake distributions were generated by means of the Multiple Source Method (MSM) (EFCOVAL 2010; Haubrock et al. 2011 ). This method allows elimination of intrapersonal variation of the intake of the nutrient/food group. The distributions generated were adjusted for 'interviewer'. Usual daily nutrient intakes were calculated for total intake and for WEP intake alone. Percentages of women with micronutrient intakes below the estimated average requirement (EAR) were calculated. The EAR is the average daily nutrient intake estimated to meet the needs of half the healthy individuals in a particular age and gender group (FAO/WHO 2004) . When FAO/WHO EAR values were not available, EAR values from Health Canada were used (Health Canada 2011). The lowest bioavailability for zinc (15 %) and iron (5 %) were used as the recorded diets were predominantly plant based (Gibson and Ferguson 2008) . Dietary diversity was evaluated, based on the Women Dietary Diversity Score (WDDS), and reported as the mean number of food groups (out of nine in total) consumed during the previous day by women of reproductive age (FAO 2010) .
To assess the nutritional contribution of WEPs, the sample was split into two groups: WEP consumers (having consumed WEPs in at least one 24-h recall) and non WEP consumers. Data were analyzed in SPSS version 21. ANOVA was used to compare the usual energy and nutrient intakes as well as the usual amounts of food groups eaten between WEP consumers and non WEP consumers. Comparison of micronutrient intakes were adjusted for total energy intake. Chi-square (χ 2 ) tests were used to compare proportions of WEP consumers and non WEP consumers consuming different food items and food groups. Statistical significance was set at α=5 % for all statistical tests.
Results

Respondent characteristics
The respondent characteristics are presented in Table 1 . The majority of the households (91 %) sometimes collected WEPs, either exclusively for home consumption or for both home consumption and sale. All households owned a piece of land where they grew food and the majority of the women possessed a home garden (69 %). Almost all respondents (98 %) reported that at least one person in the household lacked food at a certain period of the year, mainly during the long dry season (December-March). After the interviews, one woman appeared to be pregnant and five women were lactating. They were excluded from further diet analyses, but included during analyses of knowledge, attitudes and barriers towards WEP consumption.
The respondents reported high levels of physical activity (41.2 % and 55.2 % of the women reported very high levels of physical activity for the first and second recall day, respectively, corresponding with increased agricultural activities at the end of the dry season).
Contribution of WEPs to the diet
Typical diet in the Lama forest
The diet is mainly based on a solid mash of maize flour and water, which was consumed with a sauce based on palm oil, salt, onions, garlic, tomatoes, dried chili peppers and bouillon. Additionally these sauces may include fish, green leafy vegetables or beans. Fruit consumption was low, meat consumption very rare and the consumption of eggs and milk/milk products even more uncommon. Groundnuts were a typical snack.
WEP knowledge versus consumption
Each woman could list on average 13 WEPs. All participants together knew a total of 61 different WEPs of which 48 could be botanically identified ( Table 2 ). The 61 WEPs comprised 22 species from which the leaves can be consumed as vegetables, 31 species of which the fruits can be consumed as fruits or nuts, 4 species with edible tubers which can be used as staples and 5 species from which the bark can be used as spices (1 species can be consumed as a tuber and/or spice). Only 8 of the 61 WEPs known were actually recorded as being consumed the previous day in one or more of the 220 1 recalls performed, namely the leafy vegetables Struchium sparganophorum, Vitex doniana, Ipomoea aquatica, Alternanthera sessilis, Celosia argentea and Amaranthus spinosus; the fermented seeds of Parkia biglobosa; and the fruit, Dialium guineense.
The consumption frequency of wild species is shown in Fig. 1 . In total, 37 % of the recalls contained at least one WEP. The mean usual WEP portion accounts for 21.7 g. Parkia biglobosa was by far the most consumed WEP and was present in 18 % of the recalls. Parkia biglobosa seeds, called néré, are fermented into a condiment called "soumbala" before being added to sauces in rather small quantities. Struchium sparganophorum was found in 5 % of the recalls. Table 3 presents the consumption of food group/items for WEP consumers and non WEP consumers. Overall, the consumption patterns did not differ substantially between the groups. The proportions of respondents consuming green leafy vegetables and dried fish were significantly higher among WEP consumers compared with non WEP consumers (P<0.001 and P=0.001, respectively). The quantities consumed of the 6 respective food groups (Table 4) , were slightly higher for WEP consumers than for non consumers except for 'other fruits and vegetables'. A significant difference existed for dark green leafy vegetables (P<0.001).
Dietary diversity
The calculation of the WDDS takes into account nine food groups out of which six were consumed by our sample women. WEPs were present in 3 out of the 6 foods groups ('dark green leafy vegetables', 'other fruits and vegetables' and 'legumes, nuts and seeds') ( Table 3) . The difference between the WDDS of WEP consumers (5.1) and non consumers (4.5) is highly significant (P<0.001) ( Table 4 ). This can be attributed to a higher percentage of women consuming foods in the green leafy vegetables group due to consumption of wild species in this group (Table 3) . Table 5 shows the total daily median energy and nutrient intakes with the percentage of women below the EAR values. For 10 out of the 16 micronutrients, median intake values were below the EAR values. Nutrients with a very high proportion of women below the EAR include iron (91 %), Vitamin B-12 (87 %) and copper (65 %). Table 5 presents the median daily energy and nutrient intakes from WEPs. The median daily energy intake from WEPs and the contributions to the macronutrients were very small.
Micro-and macronutrient intake of the respondents
Contribution of WEPs to macronutrient intake
Contribution of WEPs to micronutrient intake
WEP contributions to total daily micronutrient intakes were small (Table 5 ). The highest contributions were found for copper (13.9 %), iron (4.6 %), calcium (2.6 %), riboflavin (2.5 %) and Vitamin C (2.3 %). The high contribution to copper intake came from the consumption of the green leafy vegetables, Vitex doniana and Celosia argentea, which are rich in copper, and the frequent consumption of the condiment "soumbala". Table 6 shows the median energy/nutrient intakes of WEP consumers and non WEP consumers and the proportion of women from both groups with nutrient intakes below the EAR. Energy and nutrient intakes did not differ substantially between the two groups except for copper and vitamin C. When adjusted for energy Dietary contribution of Wild Edible Plantsintake (which was higher for WEP consumers than for non consumers), copper intake of WEP consumers was significantly higher than for non consumers. Without adjustment for total energy intake, also vitamin C intake of WEP consumers would have been significantly higher (P=0.046). For all micronutrients the percentage of non WEP consumers with nutrient intakes below the EAR was higher than the percentage of WEP consumers. Thus, the micronutrient intake of WEP consumers was slightly more adequate than the intake of the non consumers.
WEP knowledge, attitudes, and barriers towards consumption and trade of WEPs
During the structured interviews, more than half of the respondents stated that they regularly consumed wild vegetables (Table 7) . Wild fruit and tuber consumption was reported by 38 and 30 %, respectively. The interviewed women reported that the vast majority of men in their households consumed WEPs and almost all their children liked them. Wild leafy vegetables play an important role in compensating for food shortages according to 82 % of the respondents and wild fruits and tubers for more than half of the respondents. Figure 2 presents attitudes towards WEPs on 5-point Likert scales. All three WEP categories (leafy vegetables, fruits and tubers) were considered important. In all WEP categories, taste has been the strongest attribute defining this importance, followed by healthiness. Most of the respondents disagreed with the statement that WEPs are part of their cultural identity. Only 10 % of the women reported availability or accessibility of WEPs all year round. Restrictions on entering the core of the forest were cited as one of the main reasons for unavailability along with seasonality. Most of the respondents reported a decreasing availability of wild vegetables, fruits and tubers over the past 10-20 years (74 %, 87 % and 82 % respectively). For 52 % of the women WEPs were considered affordable. Many respondents reported that WEPs become more expensive in the market during the rainy season and cheaper during the dry season. More than half of the respondents indicated experiencing problems in storing (60 %) and commercializing (73 %) WEPs, mainly because of their high perishability. Almost half of the women mentioned constraints with regard to preparation and transformation of WEPs (48 %), mainly prolonged cooking times. About half of the respondents (53 %) would like to have more information about WEP use, especially about conservation (33 %).
Discussion
During the long dry season, the contribution of WEPs to total nutrient intakes of adult women living in the buffer zone of the Lama forest in Benin was small and of low dietary significance. However, the nutrients for which WEP percentage contributions were highest (copper and iron), were the nutrients for which a high percentage of women had intakes below the EARs. In addition, WEP consumers have significantly higher copper intakes compared to non WEP consumers. Vitamin C intakes would also be significantly higher for WEP consumers than for non consumers if no adjustment for energy intake was applied. In addition, WEP consumption was significantly related to increased dietary diversity. This indicates that, although WEPs were consumed in too low quantities to significantly contribute to meeting nutrient requirements, consuming WEPs on the day of diet recall was associated with higher dietary diversity and slightly better micronutrient adequacy. The most consumed WEP product was soumbala, which is only used in small quantities as a condiment in several dishes. Penafiel et al. (2011) in their systematic multidisciplinary review on the contribution of biodiversity to local diets concluded that there is a huge lack of studies combining thorough biodiversity assessments with appropriate dietary assessment methodologies. The studies of Powell et al. (2013) , Ogle et al. (2001a-c) and Termote et al. (2012) belong to the small number that have assessed the dietary contribution of wild foods using valid dietary assessment methods. Powell et al. (2013) , analyzing women's diets in rural Tanzania using 24-h recalls, found higher contributions of wild foods to energy (1.5 %) and nutrient intakes (3.7 to 31.9 %). However, these contributions cannot be compared with the present results because they included nutrient-rich foods from wild animals in their wild foods. Ogle and co-workers using a simple 7 day food frequency questionnaire (FFQ), found that WEPs made important contributions to the β-carotene, Vitamin C, calcium and iron intakes in the Mekong Delta in Vietnam (Ogle et al. 2001a) , that wild vegetables contributed significantly to the overall micronutrient intake (calcium, iron, Vitamin A, thiamine, riboflavin, niacin, Vitamin C) (Ogle et al. 2001b ) and that wild vegetable consumption was responsible for 21 % and 14 % of the folate intake of women in the Mekong Delta and the Central Highlands, respectively (Ogle et al. 2001c ). Termote et al. (2012) reported rare WEP consumption and small contributions to the dietary intake of rural women in a highly biodiverse region in DR Congo. Comparing the nutrient intake of WEP consumers and non WEP consumers, Termote et al. (2012) found that the consumers had significantly higher intakes of Vitamin A, Vitamin C, Vitamin B6 and calcium (all nutrients adjusted for energy). The present study only found a significant difference for copper (adjustment for energy) and vitamin C intakes (without adjustment for energy) which were higher among WEP consumers. Only food items that were consumed by at least 3.5 % of the sample are reported a Chi-Square Tests were performed for all foods except for wild foods and foods/food groups that were consumed by 100 % of the respondents of both groups Results from this study, and the five papers described above are very divergent. In some cases, WEPs contribute significantly to diets, but in other, at first sight similar contexts (biodiverse regions, considerable knowledge of WEPs and micronutrient inadequacy of diets), they do not contribute significantly to diets. Much more research is needed to disentangle the conditions and factors such as seasonality, socioeconomic, political, cultural and environmental characteristics that determine WEP use, in order to better understand the relationship between nutrition and biodiversity.
Our findings are in line with those of Termote et al. (2012) and furthermore indicate that there is a big gap between the number of locally known and available WEPs that have potential to contribute to local diets, and their actual consumption and contribution to diets. Altogether, the respondents in our study knew 61 WEPs. At the time of survey, which was the long dry season, 16 WEPs were out of harvest season, 32 WEPs were reported to be available for harvest and for 13 WEPs we did not have seasonality information. Out of all known WEPs, only eight were found in 37 % of the two 24-h recalls. It is surprising that WEPs were not consumed more frequently and in larger quantities, given that 90 % of the interviewed women answered positively to the question whether they often collected them (Table 1) . Moreover, half the women said they did so for own consumption. In addition, 87 % of the households experienced some form of food insecurity during the long dry season, the period of research (Table 1) .
Some of the most frequently cited reasons for the decline in use of traditional food species that have been reported from regions all over the world are: declining availability of wild foods due to overharvesting and land clearance for agriculture; difficulties in access to land and land tenure; local populations' perceptions about wild foods as being 'food for the poor'; loss of traditional knowledge; high work load to collect, process and prepare traditional foods; integration in market economies and globalization (Kuhnlein et al. 2009; Barucha and Pretty 2010) . The present study demonstrates that it is unlikely that the low levels of WEP consumption were due to insufficient appreciation of WEPs. They are considered as important during periods of food shortages and deemed to be tasty, healthy and nutritious (Table 7 , Fig. 2) . Nevertheless, some constraints with regard to WEP consumption and/or All values are usual median intakes with 25th and 75th percentile, and adjustment for 'interviewer' a EAR Canada commercialization were documented, particularly regarding perishability, storage, commercialization, availability (seasonality) and accessibility (restrictions on entering the core of the forest), but also extra burdens on time use were mentioned as WEPs need longer cooking times according to our respondents. Low WEP consumption despite encouraging circumstances does not seem to be uncommon. Termote et al. (2012) found 11 WEPs in approximately 1,000 24-h recalls out of a total of 77 WEPs known in a rural village in DRC. A study conducted in a rural community in Cameroon reported 24 WEPs were used as sources of food but only a few were used frequently (Hamawa 2013) . A study conducted in rural South Africa also found that not all available wild vegetables were necessarily consumed, due to certain constraints, and if they were consumed the quantities were small (Mavengahama et al. 2013) . In a rural area of Ethiopia the state of wild fruit utilization has been very low as well due to food habits, cultural perception and attitudes (Fentahun and Hager 2009) . Different authors have stated that consuming WEPs often belongs to the intangible cultural heritage of local populations (Pieroni 2008) and some even say it is a way of expressing cultural identity (Dansi et al. 2008 , Pieroni et al. 2005 . Although attitudes towards WEPs in this study in general seemed to be positive, most respondents answered negatively to the question of whether WEPs were a part of their cultural identity. Further qualitative research using focus group discussions and/or observations is necessary to obtain more indepth information and better understanding of this result.
As presented in Tables 3 and 4 , WEP consumers and non consumers have a very similar diet. WEPs complement the diet rather than being a substitute for other food species. This contrasts with the findings of Mavengahama et al. (2013) who 314.58 (3,541.91; 5,455.98) 4,192.74 (3,265.96; 5,150.48) All values are usual median intakes with 25th and 75th percentile and adjustment for 'interviewer' a EAR Canada b ANOVA comparison of means c P adjusted for total energy intake in the model as described by Willett (1, 998) reported that wild vegetables are consumed when meat and exotic vegetables cannot be afforded in rural South Africa. With regard to dietary diversity, WEP consumers and non WEP consumers reported averages of 5.1 and 4.5 food groups out of 9, respectively. Keding et al. (2012) found that about one third of rural women in Tanzania had a monotonous diet with a very low Dietary Diversity Score of only 2-4 out of 14 food groups (mainly cereals, vegetables, oil or fat). As in the present study, fruit consumption was very low. In rural Burkina Faso women had low Dietary Diversity scores as well with only 2-3 food groups (mainly cereals, green leafy vegetables and condiments) (Savy et al. 2005) . Despite the fact that WEPs were not often consumed, we were able to document the presence of some interesting species that are known by the population and that could contribute to better meeting their micronutrient requirements, especially copper, iron, Vitamin C, riboflavin, calcium and folate. For these, quite a number of women had intakes below the EAR values (Tables 5  and 6 ). WEPs would not, however, be able to improve the critical Vitamin B-12 intake, as this vitamin is mainly available in foods from animal sources (FAO/WHO 2004) . Good examples of WEPs that could contribute to an improved intake of critical nutrients if consumed more often or in larger quantities include the wild leafy vegetable, Vitex doniana, 2 that shows high values in riboflavin (0.53 mg/100 g), folate (105 mg/100 g), Vitamin C (80 mg/100 g) and copper (63 mg/100 g). The wild leafy vegetable, Celosia argentea, is rich in these nutrients as well. Soumbala 3 and the leaves of Struchium sparganophorum 4 are very rich in iron (69.6 mg/100 g and 18.8 mg/100 g respectively). Soumbala also contains high amounts of calcium (416 mg/100 g). This indicates that, although WEPs are currently consumed in too small amounts to significantly contribute to meeting requirements, they have potential to improve dietary diversity and micronutrient intake if they can be sourced sustainably. Providing more information on WEP use and promotion of WEP consumption as part of a development program to improve nutrition as well as cultural well-being, has also been proposed by Mahapatra and Panda (2012) , Nesamvuni et al. (2001) and Mavengahama et al. (2013) . To be confident about the nutritional potential of WEPs, additional research concerning nutrient gaps in target groups, and nutrient composition and bioavailability of nutrients of WEPs is necessary. An assessment about the economic value of WEPs in the Lama region would also be helpful. Frison et al. (2006) confirms that if WEPs could be utilized to increase dietary diversity and food security, sound empirical information on those plants needs to be available. Furthermore, farmers' preferences need to be taken into account. To promote WEP consumption sustainably and avoid WEP depletion, sustainable harvest levels should be determined and respected. Several studies also suggest investigating the potential for integration of WEPs into smallholder cropping systems and home gardens to increase their availability (Mavengahama et al. 2013; Termote et al. 2011) , especially when WEPs are starting to be commercialized.
The performance of two 24-h recalls on non-consecutive days is a strength of this study as it allows correction for intraindividual variance. Individual recipes for each of the respondents could be documented in almost all cases as most of the women prepared their meals at home. Extreme intakes were not excluded from the dataset because they belong to the dietary habits in the sample as observed during fieldwork by the first author. The very high median energy intake of 4,315 kcal is remarkable and mainly comes from high intakes of maize flour and palm oil. Despite the high level of physical activity reported by the respondents, some over reporting from the respondents cannot be excluded. However, similar high energy intakes have been published before by Mennen et al. (2000) who investigated the habitual diet of rural Cameroonian women (3,896 kcal/ day). A photo book could have helped the women to better estimate portion sizes, though, as common in many parts of Africa, most women eat from a common pot, which makes estimates of portion size difficult even with a photo book (Huybregts et al. 2008) . Notwithstanding these high energy intakes, most of the women did not meet multiple EARs for micronutrient intakes, which would have even been worse in the case of lower energy intake.
Another difficulty faced was the fact that a national FCT for Benin is lacking. Therefore the West African FCT (Stadlmayr et al. 2011 ) was used and complemented with data from other tables. When consumed food items or certain nutrient values could not be found in any of the tables, data from similar foods 2 Mean portion size as calculated from this study =46 g, this means 0.17 mg riboflavin, 26.05 μg folate, 15.87 mg Vitamin C and 30.65 mg copper per average portion size in this study 3 Mean portion size as calculated from this study =7 g, this means 4.87 mg iron and 29.12 mg calcium per average portion size 4 Mean portion size as calculated from this study =101.8 g, this means 14.35 mg iron per average portion size were used. Unfortunately, there is still very little nutrient information available for WEPs, though for more than half of the WEPs consumed, nutrient values could be found in the literature. More research into food composition of local foods is urgently needed. Finally, our research was carried out at the end of the dry season, which corresponds to the most food insecure period of the year. To increase the significance of the results, the same research could be repeated during the rainy season as the WEP availability and WEP prices change according to season.
Conclusion
During the dry season period of food insecurity, WEPs do not contribute significantly to the diets of non-pregnant and nonlactating rural women living in the buffer zone of the Lama forest in Southern Benin. However, WEPs appear to supplement the diets and, if consumed more often and in larger quantities, they have the potential to improve dietary diversity and nutrient adequacy. Promoting increased use of available biodiversity to improve dietary intake whether or not combined with income generation through WEP commercialization and/or participatory domestication of priority WEPs, may be possible strategies to increase food and nutrition security in the region of the Lama forest.
Only a few studies have investigated the actual dietary contributions of WEPs. Their results seem to be quite divergent according to context and region, but they all agree upon the huge (often untapped) potential of biodiversity to support sustainable food systems. It is necessary to further build the evidence base on the actual and potential contributions of WEPs and to perform more studies on their nutrient profiles, resilience, use and popularity.
